Acute and subchronic nephrotoxicity of d-limonene in Fischer 344 rats.
In the studies described here, we have examined the sex-specific sensitivity of rat kidney to d-limonene. At 24 hr after an acute dose of 200 mg d-limonene/kg body weight administered to adult male and female Fischer 344 rats by oral gavage, an increase in the incidence and severity of hyaline droplets was observed in the kidneys of males only. This histological change was accompanied by a treatment-related increase in alpha 2u-globulin in males only and a greater accumulation of radioactivity in renal cortex of the male rat compared with that in the females dosed with [14C]d-limonene. In a separate subchronic study, groups of 5-wk-old male rats were administered d-limonene in a corn oil vehicle at 0 (control), 2, 5, 10, 30, or 75 mg/kg body weight by single daily gavage (5 days/wk) for 13 wk. Rats from selected dose groups received interim necropsies from days 8-29, while all groups were necropsied at the end of the study. Linear regression analyses indicated a dose-related trend in the increased relative weights of the kidney and liver at 30 and 75 mg d-limonene/kg body weight. Histological examination of kidney tissue confirmed that d-limonene induced changes characterized by hyaline droplets, granular casts at the corticomedullary junction and multiple cortical changes collectively classified as chronic nephrosis. The no-observable-effect level for these effects was 5 mg d-limonene/kg body weight. At the earliest necropsy, 8 days after the start of the treatment, it was evident that d-limonene exacerbated the hyaline droplets at the 10 mg/kg body weight dose. It is concluded that treatment with d-limonene caused an increase in the formation of hyaline droplets in male rats only, that this increase was associated with an accumulation of alpha 2u-globulin, that d-limonene (or its metabolite) accumulated significantly in male rat kidney compared with that in females and that subchronic dosing produced a triad of morphological changes in the male rat kidney. These observations suggest that d-limonene caused nephrotoxicity specific to the male rat and that this toxicity may not be predictive of a similar response in humans.